The biochemical effect of pH in oxidation-reduction and in enzymatic reactions has many repercussions important to the physician, who naturally becomes interested in developing as simple and effective a way as possible of thinking about its regulation and disturbances. Recent advances in instrumentation have made measurements of blood pH and Pco2 routine matters but there is still some need for clarifying the significance of these measurements. It has become customary to evaluate them in terms of the base excess and the Pco2 excess, respectively reflecting the metabolic and respiratory components of disturbances in acid-base balance. Unfortunately the physiological significance of base excess easily becomes obscured in the calculations, which are usually performed with a nomogram, while the Pco2 excess takes on a spurious simplicity through the adoption of 40 mmHg as the unvarying standard of comparison. Moreover, a red herring called the 'standard bicarbonate' has lately been dragged across the trail. A new approach to the fundamentals may therefore be timely.
In order to obtain an equal perspective on the respiratory and the metabolic components of a disturbance, it is appropriate to view each of them as a titrationthe one a 'respiratory' titration with carbonic acid (or carbon dioxide), the other a 'metabolic' titration with stronger-than-carbonic acid or non-bicarbonate base (Fig 1) . Though simultaneous in the body, the two titrations may be thought of as consecutive so that an observed disturbance AC (Fig 1) The physiological balance struck at C is a ventilatory one, between the increased stimulation due to metabolic hydrogen ions and the tendency to depression due to the compensatory fall in Pco0. The precise point at which this equilibrium is reached depends on the prevailing sensitivity to arterial carbon dioxide and hydrogen ions. At normal sensitivity, equilibrium sets in on the reference curve labelled 'ventilation equilibrium'
in Fig 1. The proper standard by which the anasthetist should judge the arterial Pco2 during a metabolic disturbance is this expected equilibrium Paco2, rather than a fixed value such as 40 mmHg. If the compensation stops short of the expected value, say at D, an element of respiratory acidosis must be present even though the Paco2 may be below 40 mnmHg.
In the body, of course, a metabolic disturbance elicits concomitant respiratory compensation, so that the disturbance develops along the reference ventilation equilibrium lineprovided the ventilatory sensitivity is normal. If the sensitivity is effectively diminished, the equilibrium will lie at a higher Paco2 and, conversely, if the effective sensitivity is increased, the equilibrium will develop at a lower Paco,. An equilibrium curve of this type can be interpolated through any point on the chart and, by following the curve to its intersection with the respiratory curve and retracing the latter to its origin at pH 7 40, Pco2 40 mmHg, the component metabolic and respiratory disturbances at the point in question are identified.
At this juncture it is appropriate to consult the isopleths of plasma bicarbonate concentration in the background of the diagram. By looking at them along the equilibrium lines, it will be seen that the plasma bicarbonate concentration of the sample results from a metabolic displacement of bicarbonate along the equilibrium curve, added pHa Fig 1 Blood acid-base balance chart showing pathways ofpure respiratory disturbances (reference C02-titration curve), ofpure metabolic disturbances ('strong' titration curve), and of metabolic disturbances with normal respiratory compensation (ventilation equilibrium curve). An observed acid-base displacement, such as AC, is the chemical vector sum of a pure metabolic displacement, AB, and a compensatory respiratory displacement, BC to a respiratory displacement of bicarbonate (and Pco2) along the reference respiratory titration. Clearly, the bicarbonate isopleths, counted along the equilibrium lines as far as the reference C02titration, provide a simple, direct way of estimating the metabolic disturbance. The count starts from the observed pH and Pco2 of the sample (subject to a simple correction for oxygen desaturation) and, as this is the very information obtained with the justly popular Severinghaus Pco2 elec-trode system, the new chart is particularly suited to this method.
Another feature of the chart is that it portrays acid-base disturbances in physiological and more coherent terms than the nomograms ofbase excess and standard bicarbonate. The standard bicarbonate claims to show the bicarbonate content of oxygenated whole blood at a standard Pco2 of 40 mmHg and it is evident from the preceding that Fig 1. pH 7 40 is the target of metabolic compensation for respiratory disturbances; the ventilation equilibrium curve is the limit of respiratory compensation for metabolic disturbances. Beyond these bounds lie regions of overcompensation. The presence of regions ofcombined uncompensated disturbances shouldalso be noted an abnormal value must be due partly to a respiratory and partly to a metabolic disturbance. The standard bicarbonate is thus a composite measure akin to the alkali reserve, without clear-cut physiological significance and therefore of doubtful value.
The so-called base excess shows the total change in buffer base concentration due to fixed acid or base. It includes the metabolic bicarbonate displacement and also the non-bicarbonate buiffer base lost or gained during that displacement. The metabolic bicarbonate displacement is therefore a little smal1er than the total buffer base displacement and, by the same token, intravenous therapy directed at-correcting it runs less risk of causing overdosage.
The clinical significance of an acid-base value and the progress of a patient are easily grasped on the chart from a glance at the reference lines (Fig 2) . Compensation for a respiratory distur-bance occupies a different zone from compensation for a metabolic disturbance, though in each case it takes the acid-base balance closer to pH 7 40. However, in the former the limit of compensation is the pH 7 40 coordinate itself, while in respiratory compensation it is constituted by the ventilation equilibrium line. Short of these limits, compensation is partial; beyond them there is overcompensation. Between the pure metabolic and pure respiratory titration lines lies a zone of combined, totally uncompensated, respiratory and metabolic disturbances. The existence of this danger zone is clearly brought out by the new chart.
DISCUSSION
Dr Bryan Broom (Middlesex Hospital Medical School, London) said that while Professor Fink had produced an empirically justifiable nomogram for the assessment of acid-base inter-relationships which was certainly more comprehensible than Henderson's original attempts (Henderson 1921 , Henderson et al. 1924 , it was not apparent how far Professor Fink's nomogram could be regarded as an advance on Van Slyke's (Van Slyke & Sendroy 1928) or on that of Hastings (Hastings & Steinhaus 1931) . Hastings' original nomogram did not require logarithmic mnemonics, was simple to recall and hence utilize, and had been found useful for the full range of variables encountered in exercise.
Professor B R Fink, in reply to Dr Broom, said that he was grateful for the opportunity to clarify the point. The line charts of Van Slyke and Sendroy, and the triaxial graph of Hastings and Steinhaus were essentially aids to calculation of one of the three variables in the Henderson-Hasselbalch equation from measurements of the other two. The proposed chart did the same, but in addition shows at a glance the respiratory and metabolic components of an observed disturbance and served as a guide to the clinical significance.
Meeting March 201964
Professor E M Papper (Columbia University, New York) read a paper entitled Aniesthesia, Operation and Rauwolfia (see Anesthesiology, 1964, in press) Meeting April 3 1964 A discussion was held on the subject of Tracheostomy and Artificial Ventilation in the Treatment of Acute Exacerbations of Chronic Bronchitis. The discussion was opened by Dr G T Spencer and Dr S J G Semple (St Thomas's Hospital, London), an account of whose work on the subject appears in the Lancet, 1964, i, 854. 
